Introduction
In China, there are about 12273 mine tailings. With the presence of oxygen, water and microbes, mine tailings usually be oxidized, and acid wastewater containing sulfate, metal iron and proton acidity produce [1] . Recently, a large number of researches are focusing on the microbial remediation of acid wastewater; especially the remediation by sulfate-reducing bacteria (SRB) [2, 3] . Because of the inherent existence of autotrophic iron-or sulfur-oxidizing bacteria in acid wastewater, the bioremediation process with reducing bacteria is also the competition process between reducing bacteria and oxidizing bacteria. The adjustment of microbial community structure is very important for remediation. Most of the oxidizing bacteria are aerobic bacteria, most of reducing bacteria are anaerobic bacteria, and there are some differences in oxygen utilization. According to the difference of oxygen utilization between oxidizing bacteria and reducing bacteria, the microbial community structure should be adjusted to have higher bioremediation efficiency by limitation of air. This study aims to investigate the effects of air on microbial community and tailing wastewater remediation, research the microbial community adjusting mechanism of different oxygen condition.
Materials and Methods

Experimental Design
Experiment was performed in 250 mL flask with 150 mL basic medium, which contained the following: 0.1 g/L KCl, 0.5 g/L K 2 HPO 4 , 0.5 g/L MgSO 4 ·7H 2 O, 0.01 g/L Ca(NO 3 ) 2 , pH 3.5. Two treatment groups were designed to detect the effect of air (air-was sealed and air+ was unsealed), each treatment was replicated twice, and the details were shown in 
Physicochemical Analysis of the Samples
The pH and redox potential were determined with a pH and redox potential electrode [4] . The dissolved iron and sulfur were analyzed using ICP-OES after the samples were filtered with super membrane filters (0.2 µm pore size, Sigma-Aldrich, MO, USA) [5] . Filter residue was analyzed by X-ray diffraction (XRD) [6] .
DNA Extraction, Miseq Sequencing
Total DNA of samples was extracted using the E.Z.N.A. bacterial DNA kit according to the manufacturer's instruction (OMEGA, D3350-01). 16S rRNA genes were sequenced with the 340F/805R primers [7] . Sequencing was conducted on an Illumina Miseq high throughput sequencing technology [8] by Sino Geno Max (Beijing, China). All 16S raw data can be accessed on FigShare (https://doi.org/10.6084/m9.figshare.4736614.v2).
Data Analysis
Paired-end reads of the original DNA fragments from high throughput sequencing were merged using FLASH and assigned to each sample according to the unique barcodes [9] . The 16S rRNA genes were processed using an open-source software QIIME [10] . Chimera Slayer tool was used for chimera detection [11] , then QIIME script "pick_de_novo_otus.py" [12] was used to pick operational taxonomic units (OTUs) by making OTU table, sequences with ≥ 97% similarity were assigned to the same OTUs [13] . Representative sequences for each OTU were picked and the RDP classifier was used to annotate taxonomic information for each representative sequence [14] .
Statistical Analysis
The physicochemical indices were analyzed using SPSS for Windows [15] .
Results and Discussion
Effects of Air on Tailing Wastewater Remediation
The effects of air on tailing wastewater physicochemical properties were determined, and the results were shown in Fig.1 . At the end of this experiment, there was no obvious redox potential difference between group Air+ and Air-. However, the differences of pH, the concentration of dissolved sulfur and dissolved iron were obvious (p<0.05). The increased pH and the decreased concentration of dissolved sulfur in Air-group indicates sulfate was reduced in this sealed environment [16] . In air+ group, there was lower pH and higher concentration of dissolved sulfur. These results indicated the air can accelerate the natural oxidization of sulfur and the decrease of pH, this results were consistent with the previous results [1] . The less dissolved iron in air+ group might be related with the produce of jarosite, because ferrous iron was easy to transform to jarosite when air present [17] . Unsealed treatment group (air+), sealed treatment group (air-).
After bioremediation experiment, filter residue was determined by XRD (Fig. 2) . The XRD results of reaction product showed that the peak special for iron sulfide had no obvious difference in both Air-group and Air+ group; indicating sulfate was reduced in both Air-group and Air+ group. The results of ion concentration, pH and XRD implied both the oxidizing of sulfur and reducing of sulfate simultaneously present in Air+ group. However, the lowered pH and increased concentration of dissolved sulfur implied the oxidizing of sulfur was stranger than the reducing of sulfate in Air+ group. Figure 2 . XRD results of filter residue after bioremediation experiment. The special peak for iron sulfide was labeled by the dashed line box.
Effects of Air on Microbial Community
The effects of air on tailing wastewater microbial community were shown in Fig. 3 . The results showed that both sulfur-/iron-oxidizing bacteria (Acidithiobacillus and Leptospirillum) and sulfate-/iron-reducing bacteria (Desulfosporosinus, Desulfotomaculum and Acidiphilium) present simultaneously in both Air-group and Air+ group, and the biomass of all five genera increased in both Air-group and Air+ group than the initial of this experiment (IC). The increase of biomass is more obvious in Air+ group, especially the anaerobic sulfate-reducing bacteria Desulfosporosinus. In Air+ group, the obvious increase of Desulfosporosinus biomass implied Desulfosporosinus is not the strict anaerobes [18] . Several papers have shown that some sulfate-reducing bacteria occur under microaerophilic or aerobic conditions, and reported the use and resistance mechanism of Desulfosporosinus to oxygen [18, 19] . The results of Desulfosporosinus were consistent with the previous reports about sulfate-reducing bacteria. In Air-group, the biomass of Desulfotomaculum and Acidiphilium were more than that in Air+ group, this results implied Desulfotomaculum and Acidiphilium were more strict anaerobes than Desulfosporosinus.
Air+ group had a higher proportion of sulfate-/iron-reducing bacteria and lower proportion of sulfur-/iron-oxidizing bacteria than Air-group; however, Air+ group had lower pH and higher concentration of dissolved sulfur than Air-group. These results implied only the present of sulfate-/iron-reducing bacteria are not enough and the anaerobic environment is very important for remediation of tailing wastewater. 
Conclusions
Air had no effect on redox potential, but the differences of pH, the concentration of dissolved sulfur and dissolved iron were obvious (p<0.05). The concentration of dissolved sulfur increased and pH lowered in Air+ group. In Air+ group, the oxidizing of sulfur and reducing of sulfate present simultaneously; however, the oxidizing of sulfur was stranger than the reducing of sulfate. Sulfur-/iron-oxidizing bacteria and sulfate-/iron-reducing bacteria present simultaneously in both Air-group and Air+ group, and the biomass increased in both Air-group and Air+ group than the initial of this experiment (IC). Desulfosporosinus is not the strict anaerobes; Desulfotomaculum and Acidiphilium were more strict anaerobes than Desulfosporosinus. Only sulfate-/iron-reducing bacteria are not enough and the anaerobic environment is very important for remediation of tailing wastewater.
